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This   thesis,   “Flow   Simulations   for   Optimized   Performance   of   Displacement   Pumps 
Manufactured by Engineered Machined Products,” is hereby approved in partial fulfillment of 
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driven   engine   manufacturers   to   develop   more   highly   efficient   engines   and 
components.   Engineered Machined Products (EMP) of Escanaba, MI is developing 
electrical oil and water pumps to help engine manufacturers reach their efficiency 










called  the C14,  C15,  GN1,  and Mock pumps.    Simulations  provided velocity  and 
pressure fields for the flow inside each pump.  The formulation of the equations used 















PSI RPM GPM GPM % GPM %
20
1000 0.743 0.7977 7.36% 0.7677 3.32%
1500 1.126 1.2065 7.15% 1.1533 2.42%
2000 1.510 1.6156 6.99% 1.5385 1.89%
2500 1.896 2.0273 6.93% 1.9225 1.40%
3000 2.285 2.4349 6.56% 2.3066 0.95%

























used  for  over­the­road vehicles.    The simulations  began by  performing a  baseline 







The  C15,  GN1,   and  Mock  pumps   served   as   a   test   of   the  method  developed   for 












Many   engineers   have   analyzed   gerotor   and   other   types   of   positive   displacement 
pumps analytically, but few have used CFD packages to simulate the flow within the 
pump.   A kinematic analysis of gerotor pumps was performed by Fabiani  et al  [1]. 
Other   engineers   simulate   gerotor   pumps   using   analytical   programs,   such   as   the 
Advanced Modeling Environment for Simulation (AMESim) [2].  This simulation was 
able to accurately predict the oil flow rate through the pump at low pump speeds, but 
at   high   pump   speeds   (over   4000   RPM),   the   simulated   flow   differs   from   the 
experimental flow.  This occurs because the effects of cavitation and aeration were not 
modeled.  
Kluger  et   al  studied   the   performance   of   several   pumping   systems   by   studying 
experimental   results   [3].     Pumps   tested   included   positive   displacement   pumps 
(crescent type with involute gears, crescent type with hypocycloidal gears, gerotor, 
and Duocentric pumps) and a variable displacement (vane) pump.  The experimental 
results   showed   that   the  Duocentric   and   hypocycloidal   pumps   had   5­10% greater 






























push the fluid into  the pump.   On  the right  side of  the pump,  the gear   teeth are 



























The C15 pump  is  another  oil  pump  for  over­the­road  vehicles.     It  uses   the  6022 
gerotor   from  Nichols­Portland,  with   6   teeth   on   the   inner   gear   and   a   theoretical 
displacement of 0.22 in3/rev/inch.  This gerotor was 0.1875 inches thick, resulting in a 

























displacement   of   2.50     in3/rev/inch.     This   gerotor   is   1.47375   inches   thick,   for   a 
theoretical displacement of 3.684 in3/rev.  This pump was simulated using both 15w40 
and  SAE30  motor  oils   at  200°F  at   speeds  of  1250­3750  RPM.   This  pump  was 
modeled because of its increased pumping capacity and the fact that different pump 



















































































FLUENT,   the   computational   fluid  dynamics   code  used   in   this   research,   uses   the 
















Equation 2.1 consists of a time­dependent unsteady term ∂/∂ t   and three velocity­

































= f body f surface Eq. 2.4




; where i, j = 1, 2,3,  = [ij ] tensor Eq. 2.6
If the surface forces can be directly related to the velocity of the fluid element by the 
relationship shown in Equation 2.7, the fluid is said to be Newtonian.
ij=− pij ∂ v i∂ x j∂ v j∂ x i  ij ∇⋅V Eq. 2.7




f surface= ∇⋅=− ∇ p
∂
∂ x j [ ∂ vi∂ x j∂v j∂ x i ij ∇⋅V ]
where i , j=1,2,3
Eq, 2.8
Some   additional   assumptions   can   be   made   to   further   simplify   the   governing 
momentum   balance   equations.     Because   the   fluids   used   in   the   simulations   are 
incompressible,  the fluid density may be treated as a constant.    Consequently,  the 
divergence of the fluid velocity vector is equal to zero.  Finally, by assuming that the 

























u i = ∂∂ x j [ t  ∂ ∂ x j ]
C1









the overall  dissipation rate.    The relation of  Gk,  Gb,  and  YM  to   the mean velocity 
components μ i as well as the definitions of k and  ϵ are well known and given in the 







The   values   of   the   model   constants   were   kept   at   their   default   values   as   per 
recommendations by a FLUENT support engineer, and are as follows:























from one fluid to another  that  is separated by a solid wall,  such as within a heat 
exchanger.   Because of the way the gerotor pumps were modeled in GAMBIT, the 
























































For   incompressible   flow problems   such  as   those  described   in   this  document,   the 



















































along   the  shortest  edge,   as   recommended by  FLUENT.    Most  edge meshes  used 
interval   sizes  of  0.02   inches,  while   some of   the  more  complex  geometries  using 
tetrahedral meshes used interval sizes of 0.01 inches.  Care was taken to change mesh 
densities gradually, as large changes in grid density can lead to convergence issues.
A   grid   dependency   study   was   performed   to   determine   the   above   edge   mesh 






in   computational   resources   for   little   change   in   flow  variables,   the  mesh   size   of 
648,966 elements was used for the C14 pump.  Similar grid density was used for the 


















default   criteria   of   0.001,  which   resulted   in   each   time   step   requiring   about  25­30 
iterations.  When the criteria was reduced to 0.002, each time step only required about 
10 iterations, drastically reducing the time required to solve a large number (typically 
1000) of  time steps.    This reduction in convergence criteria was shown to have a 
negligible effect on the flow variables (outlet mass flow rate and torque values), and 
was thus deemed appropriate.










Simulating the motion of  the gerotor gears was perhaps the most difficult  part  of 
performing   these   simulations.    Many   simulations   that   use   FLUENT   have   fixed 
geometry through which a fluid flows.   Some simulations involve moving geometry 
where the moving parts can be described by simply defining the appropriate walls as 
rotating   walls.     This   method   cannot   be   used   with   gerotor   pumps   because   the 
displacement   of   the   pump   changes  with   time,   unlike,   for   example,   an   axial   fan. 
Instead, more advanced methods are required.

























mapped   hex   mesh.     This   mesh   typically   had   20­30   elements   in   the   direction 
perpendicular   to   the   top   face.     The   volume  was   then  meshed   using   the  Cooper 
scheme,   which   creates   finite   volumes   that   are   extrusions   of   the   triangular   face 
elements on the top face of the volume, thereby creating wedge elements.
After   the  mesh   was   exported   and   opened   within   FLUENT,   the   dynamic  mesh 
functionality was enabled.  The gerotor fluid volume and the top and bottom faces of 
the volume were defined as deforming areas of the mesh, while the inner and outer 
gear   faces  were  defined  as  boundaries  with   rigid­body motion.    The motion  was 















































































1000 0.497497 0.201507 0.134182 0.091810
1500 0.752389 0.306728 0.205048 0.141017
2000 1.010203 0.414098 0.277752 0.191898
2500 1.270591 0.523367 0.352104 0.244277
3000 1.533296 0.634360 0.427912 0.298052
3500 1.798162 0.747040 0.505118 0.353199
1000 1.220570 0.481243 0.320211 0.220660
1500 1.852682 0.737222 0.493181 0.342179
2000 2.494865 1.000568 0.672377 0.469336
2500 3.145798 1.270327 0.857095 0.601470
3000 3.804654 1.545977 1.046715 0.738210
3500 4.470888 1.826757 1.240926 0.879484
Side Gap Dimension
0.001 inch 0.002 inch 0.004 Inch
1000 4.569499 2.305459 1.479336 1.193763
1500 6.900791 3.535050 2.309504 1.861845
2000 9.301108 4.817106 3.190773 2.563779
2500 11.762257 6.153571 4.114064 3.310512
3000 14.276198 7.535726 5.085938 4.102432

































































The  simulations  of   the  C14 pump had   two goals:   first,   to   establish  a  method of 
creating the pump geometry, mesh, and simulation such that the results were similar 






















PSI RPM GPM GPM % GPM %
20
1000 0.743 0.6242 ­15.98% 0.7465 0.46%
1500 1.126 1.0059 ­10.66% 1.1225 ­0.31%
2000 1.510 1.3932 ­7.73% 1.4929 ­1.13%
2500 1.896 1.7731 ­6.48% 1.8727 ­1.23%
3000 2.285 2.1566 ­5.62% 2.2582 ­1.17%
3500 2.676 2.5308 ­5.43% 2.6342 ­1.56%
40
1000 0.690 0.5227 ­24.25% 0.7314 6.00%
1500 1.072 0.9044 ­15.64% 1.1075 3.31%
2000 1.447 1.2842 ­11.25% 1.4797 2.26%
2500 1.831 1.6602 ­9.33% 1.8577 1.46%
3000 2.220 2.0457 ­7.85% 2.2431 1.04%
3500 2.617 2.4255 ­7.32% 2.6060 ­0.42%
60
1000 0.636 0.4287 ­32.60% 0.7182 12.93%
1500 1.012 0.8085 ­20.11% 1.0924 7.95%
2000 1.388 1.1789 ­15.06% 1.4647 5.53%
2500 1.765 1.5493 ­12.22% 1.8407 4.29%
3000 2.151 1.9442 ­9.62% 2.2243 3.41%
3500 2.550 2.3258 ­8.79% 2.5872 1.46%
80
1000 0.562 0.3366 ­40.11% 0.7032 25.13%
1500 0.954 0.7126 ­25.30% 1.0793 13.13%
2000 1.329 1.0811 ­18.65% 1.4515 9.22%
2500 1.697 1.4515 ­14.46% 1.8276 7.69%
3000 2.082 1.8426 ­11.50% 2.2055 5.93%




























PSI RPM oz­in oz­in oz­in oz­in % oz­in %
20
1000 17 5.93 11.07 11.512 3.99% 14.356 29.68%
1500 18 6.15 11.85 12.569 6.07% 16.966 43.17%
2000 20 6.75 13.25 13.865 4.64% 19.885 50.08%
2500 22 6.50 15.50 15.288 ­1.37% 22.989 48.32%
3000 25 6.60 18.40 18.188 ­1.15% 27.635 50.19%
3500 28 6.70 21.30 22.050 3.52% 33.170 55.73%
40
1000 29 5.93 23.07 17.717 ­23.20% 20.562 ­10.87%
1500 30 6.15 23.85 18.880 ­20.84% 23.278 ­2.40%
2000 32 6.75 25.25 20.644 ­18.24% 26.664 5.60%
2500 34 6.50 27.50 21.967 ­20.12% 29.668 7.88%
3000 37 6.60 30.40 25.047 ­17.61% 34.494 13.47%
3500 40 6.70 33.30 29.162 ­12.43% 40.282 20.97%
60
1000 38 5.93 32.07 24.084 ­24.90% 26.929 ­16.03%
1500 41 6.15 34.85 25.315 ­27.36% 29.713 ­14.74%
2000 41 6.75 34.25 27.354 ­20.13% 33.374 ­2.56%
2500 45 6.50 38.50 28.692 ­25.48% 36.394 ­5.47%
3000 48 6.60 41.40 31.956 ­22.81% 41.402 0.00%
3500 51 6.70 44.30 36.285 ­18.09% 47.405 7.01%
80
1000 48 5.93 42.07 30.435 ­27.66% 33.280 ­20.89%
1500 51 6.15 44.85 31.706 ­29.31% 36.103 ­19.50%
2000 52 6.75 45.25 34.141 ­24.55% 40.161 ­11.25%
2500 55 6.50 48.50 35.448 ­26.91% 43.150 ­11.03%
3000 58 6.60 51.40 38.977 ­24.17% 48.423 ­5.79%
































shows   the   volumetric   efficiency   curves   for   the   experimental   data   and   the   raw 
computational data.   The computational volumetric efficiencies are  lower than the 
experimental results, due to the lower outlet mass flow rate.   The curves show the 































One   final   efficiency   curve   can   be   calculated   from   the   overall   and   volumetric 



































Inches RPM GPM GPM % GPM % %
0.0005
1000 0.562 0.4026 ­28.36% 0.7792 38.65% 10.68%
1500 0.954 0.7852 ­17.69% 1.1706 22.70% 8.51%
2000 1.329 1.1762 ­11.50% 1.5602 17.40% 7.56%
2500 1.697 1.5740 ­7.25% 1.9523 15.04% 6.86%
3000 2.082 1.9780 ­5.00% 2.3435 12.56% 6.25%
3500 2.481 2.3587 ­4.93% 2.7307 10.06% 6.29%
1000 0.562 0.3366 ­40.11% 0.7040 25.27% NA
1500 0.954 0.7126 ­25.30% 1.0788 13.08% NA
2000 1.329 1.0811 ­18.65% 1.4506 9.15% NA
2500 1.697 1.4515 ­14.47% 1.8270 7.66% NA
3000 2.082 1.8426 ­11.50% 2.2057 5.94% NA
3500 2.481 2.2300 ­10.12% 2.5690 3.55% NA
0.002
1000 0.562 0.2433 ­56.71% 0.6327 12.59% ­10.12%
1500 0.954 0.6197 ­35.04% 1.0089 5.75% ­6.48%
2000 1.329 0.9992 ­24.82% 1.3879 4.43% ­4.33%
2500 1.697 1.3791 ­18.73% 1.7646 3.98% ­3.41%
3000 2.082 1.7820 ­14.41% 2.1424 2.90% ­2.87%
3500 2.481 2.1623 ­12.85% 2.5194 1.55% ­1.93%
0.003
1000 0.562 0.1841 ­67.24% 0.4318 ­23.16% ­38.66%
1500 0.954 0.3341 ­64.98% 0.7958 ­16.59% ­26.24%
2000 1.329 0.7182 ­45.96% 1.1615 ­12.61% ­19.93%
2500 1.697 1.1033 ­34.99% 1.5218 ­10.32% ­16.70%
3000 2.082 1.4952 ­28.18% 1.8926 ­9.10% ­14.20%





































Inches RPM oz­in oz­in % oz­in % %
0.0005
1000 42.07 30.148 ­28.34% 35.063 ­16.66% 6.34%
1500 44.85 31.535 ­29.69% 39.055 ­12.92% 8.73%
2000 45.25 33.964 ­24.94% 44.165 ­2.40% 10.41%
2500 48.50 35.018 ­27.80% 47.965 ­1.10% 12.27%
3000 51.40 37.469 ­27.10% 53.231 3.56% 13.45%
3500 53.30 40.550 ­23.92% 59.060 10.81% 14.23%
1000 42.07 30.126 ­28.39% 32.971 ­21.63% NA
1500 44.85 31.521 ­29.72% 35.918 ­19.92% NA
2000 45.25 33.981 ­24.90% 40.001 ­11.60% NA
2500 48.50 35.019 ­27.80% 42.721 ­11.92% NA
3000 51.40 37.472 ­27.10% 46.919 ­8.72% NA
3500 53.30 40.584 ­23.86% 51.704 ­2.99% NA
0.0020
1000 42.07 30.117 ­28.41% 32.505 ­22.74% ­1.41%
1500 44.85 31.483 ­29.80% 35.189 ­21.54% ­2.03%
2000 45.25 33.969 ­24.93% 39.060 ­13.68% ­2.35%
2500 48.50 35.016 ­27.80% 41.549 ­14.33% ­2.74%
3000 51.40 37.435 ­27.17% 45.470 ­11.54% ­3.09%
3500 53.30 40.520 ­23.98% 49.984 ­6.22% ­3.33%
0.0030
1000 42.07 30.075 ­28.51% 32.179 ­23.51% ­2.40%
1500 44.85 31.473 ­29.83% 34.749 ­22.52% ­3.25%
2000 45.25 33.930 ­25.02% 38.443 ­15.04% ­3.89%
2500 48.50 34.980 ­27.88% 40.785 ­15.91% ­4.53%
3000 51.40 37.454 ­27.13% 44.612 ­13.21% ­4.92%





































































Inches RPM GPM GPM % GPM % %
0.001
1000 0.562 0.3422 ­39.11% 0.7556 34.44% 1.19%
1500 0.954 0.7397 ­22.46% 1.1469 20.22% 0.84%
2000 1.329 1.1321 ­14.82% 1.5374 15.68% 0.73%
2500 1.697 1.5212 ­10.36% 1.9274 13.58% 0.57%
3000 2.082 1.9218 ­7.69% 2.3095 10.93% 0.40%
3500 2.481 2.3078 ­6.98% 2.6969 8.70% 0.45%
0.002
1000 0.562 0.3352 ­40.36% 0.7467 32.86% NA
1500 0.954 0.7315 ­23.32% 1.1374 19.23% NA
2000 1.329 1.1236 ­15.46% 1.5263 14.84% NA
2500 1.697 1.5131 ­10.84% 1.9165 12.93% NA
3000 2.082 1.9133 ­8.10% 2.3004 10.49% NA
3500 2.481 2.2982 ­7.37% 2.6847 8.21% NA
1000 0.562 0.3301 ­41.26% 0.7340 30.61% ­1.69%
1500 0.954 0.7272 ­23.77% 1.1238 17.80% ­1.19%
2000 1.329 1.1182 ­15.86% 1.5107 13.67% ­1.02%
2500 1.697 1.5072 ­11.18% 1.9020 12.08% ­0.75%
3000 2.082 1.9097 ­8.28% 2.2958 10.27% ­0.20%
3500 2.481 2.2933 ­7.57% 2.6741 7.78% ­0.40%
0.004
1000 0.562 0.3173 ­43.54% 0.7262 29.21% ­2.75%
1500 0.954 0.7127 ­25.29% 1.1155 16.93% ­1.92%
2000 1.329 1.1041 ­16.92% 1.5035 13.13% ­1.49%
2500 1.697 1.4929 ­12.03% 1.8919 11.48% ­1.28%
3000 2.082 1.8934 ­9.06% 2.2735 9.20% ­1.17%



































Inches RPM oz­in oz­in % oz­in % %
0.001
1000 42.07 30.148 ­28.34% 35.063 ­16.66% 6.34%
1500 44.85 31.535 ­29.69% 39.055 ­12.92% 8.73%
2000 45.25 33.964 ­24.94% 44.165 ­2.40% 10.41%
2500 48.50 35.018 ­27.80% 47.965 ­1.10% 12.27%
3000 51.40 37.469 ­27.10% 53.231 3.56% 13.45%
3500 53.30 40.550 ­23.92% 59.060 10.81% 14.23%
0.002
1000 42.07 30.126 ­28.39% 32.971 ­21.63% NA
1500 44.85 31.521 ­29.72% 35.918 ­19.92% NA
2000 45.25 33.981 ­24.90% 40.001 ­11.60% NA
2500 48.50 35.019 ­27.80% 42.721 ­11.92% NA
3000 51.40 37.472 ­27.10% 46.919 ­8.72% NA
3500 53.30 40.584 ­23.86% 51.704 ­2.99% NA
1000 42.07 30.117 ­28.41% 32.505 ­22.74% ­1.41%
1500 44.85 31.483 ­29.80% 35.189 ­21.54% ­2.03%
2000 45.25 33.969 ­24.93% 39.060 ­13.68% ­2.35%
2500 48.50 35.016 ­27.80% 41.549 ­14.33% ­2.74%
3000 51.40 37.435 ­27.17% 45.470 ­11.54% ­3.09%
3500 53.30 40.520 ­23.98% 49.984 ­6.22% ­3.33%
0.004
1000 42.07 30.075 ­28.51% 32.179 ­23.51% ­2.40%
1500 44.85 31.473 ­29.83% 34.749 ­22.52% ­3.25%
2000 45.25 33.930 ­25.02% 38.443 ­15.04% ­3.89%
2500 48.50 34.980 ­27.88% 40.785 ­15.91% ­4.53%
3000 51.40 37.454 ­27.13% 44.612 ­13.21% ­4.92%


























































The inlet  and outlet  ports of  the C14 pump use standard o­ring face seal (ORFS) 
connections to attach the inlet and outlet hoses to the pump.  The baseline design of 
the pump uses a #8 ORFS for the inlet hose and a #6 ORFS for the outlet hose.   In 













RPM GPM GPM % GPM % %
1000 0.562 0.3311 ­41.09% 0.7234 28.72% 2.71%
1500 0.954 0.7133 ­25.23% 1.1005 15.35% 1.96%
2000 1.329 1.1073 ­16.68% 1.4760 11.06% 1.71%
2500 1.697 1.4837 ­12.57% 1.8507 9.06% 1.26%
3000 2.082 1.9026 ­8.62% 2.2254 6.89% 0.85%
3500 2.481 2.3010 ­7.26% 2.5985 4.73% 1.10%
1000 0.562 0.3361 ­40.20% 0.7043 25.32% NA
1500 0.954 0.7118 ­25.39% 1.0793 13.13% NA
2000 1.329 1.0805 ­18.70% 1.4512 9.20% NA
2500 1.697 1.4513 ­14.48% 1.8277 7.70% NA
3000 2.082 1.8427 ­11.49% 2.2067 5.99% NA
3500 2.481 2.2300 ­10.12% 2.5701 3.59% NA
1000 0.562 0.3416 ­39.22% 0.7122 26.73% 1.12%
1500 0.954 0.7207 ­24.45% 1.0832 13.54% 0.36%
2000 1.329 1.1073 ­16.68% 1.4520 9.25% 0.05%
2500 1.697 1.4983 ­11.71% 1.8182 7.14% ­0.52%
3000 2.082 1.8870 ­9.37% 2.1842 4.91% ­1.02%
3500 2.481 2.2818 ­8.03% 2.5429 2.50% ­1.06%
1000 0.562 0.3425 ­39.06% 0.7187 27.87% 2.03%
1500 0.954 0.7224 ­24.28% 1.0927 14.53% 1.24%
2000 1.329 1.1096 ­16.51% 1.4650 10.23% 0.95%
2500 1.697 1.5033 ­11.41% 1.8353 8.15% 0.41%
3000 2.082 1.8881 ­9.31% 2.2008 5.70% ­0.27%
3500 2.481 2.3050 ­7.09% 2.5662 3.44% ­0.15%
1000 0.562 0.3387 ­39.73% 0.7209 28.27% 1.22%
1500 0.954 0.7223 ­24.29% 1.0963 14.92% 1.21%
2000 1.329 1.1110 ­16.40% 1.4679 10.45% 1.09%
2500 1.697 1.5041 ­11.37% 1.8359 8.19% 0.97%
3000 2.082 1.8936 ­9.05% 2.2066 5.98% 1.02%




































Table 3­8 compares  the outlet  mass flow rates for  the five cases simulated.    This 






RPM oz­in oz­in % oz­in % %
1000 42.07 30.749 ­26.91% 33.593 ­20.15% 0.94%
1500 44.85 31.831 ­29.03% 36.228 ­19.22% 0.35%
2000 45.25 34.289 ­24.22% 40.309 ­10.92% 0.37%
2500 48.50 36.454 ­24.84% 44.156 ­8.96% 2.33%
3000 51.40 39.396 ­23.35% 48.843 ­4.97% 0.87%
3500 53.30 42.549 ­20.17% 53.669 0.69% ­1.69%
1000 42.07 30.434 ­27.66% 33.279 ­20.90% NA
1500 44.85 31.706 ­29.31% 36.103 ­19.50% NA
2000 45.25 34.141 ­24.55% 40.161 ­11.25% NA
2500 48.50 35.448 ­26.91% 43.149 ­11.03% NA
3000 51.40 38.976 ­24.17% 48.423 ­5.79% NA
3500 53.30 43.474 ­18.44% 54.594 2.43% NA
1000 42.07 30.384 ­27.78% 33.229 ­21.01% ­0.15%
1500 44.85 31.662 ­29.40% 36.059 ­19.60% ­0.12%
2000 45.25 34.241 ­24.33% 40.262 ­11.02% 0.25%
2500 48.50 36.206 ­25.35% 43.907 ­9.47% 1.76%
3000 51.40 39.660 ­22.84% 49.107 ­4.46% 1.41%
3500 53.30 43.032 ­19.26% 54.151 1.60% ­0.81%
1000 42.07 30.276 ­28.03% 33.120 ­21.27% ­0.48%
1500 44.85 31.568 ­29.61% 35.966 ­19.81% ­0.38%
2000 45.25 34.110 ­24.62% 40.131 ­11.31% ­0.07%
2500 48.50 36.015 ­25.74% 43.717 ­9.86% 1.32%
3000 51.40 39.559 ­23.04% 49.006 ­4.66% 1.20%
3500 53.30 42.397 ­20.46% 53.517 0.41% ­1.97%
1000 42.07 30.426 ­27.68% 33.270 ­20.92% 0.12%
1500 44.85 31.543 ­29.67% 35.940 ­19.87% ­0.33%
2000 45.25 34.023 ­24.81% 40.043 ­11.51% ­0.54%
2500 48.50 35.937 ­25.90% 43.639 ­10.02% ­0.61%
3000 51.40 39.193 ­23.75% 48.640 ­5.37% ­0.95%




























































the   outlet   has   the   highest   efficiency,   followed   by   the   design   using   #10   ORFS 
connections   for  both   the   inlet   and  outlet.    The   efficiency  gain,   however,   is   very 
minimal (one or two percent).    While it  is advisable to change the connections to 




















Degrees RPM GPM GPM % GPM % %
1000 0.562 0.33 ­41.26% 0.72 28.45% NA
1500 0.954 0.73 ­23.77% 1.1 15.07% NA
2000 1.329 1.12 ­15.86% 1.47 10.54% NA
2500 1.697 1.51 ­11.18% 1.84 8.69% NA
3000 2.082 1.91 ­8.28% 2.22 6.74% NA
3500 2.481 2.29 ­7.57% 2.59 4.20% NA
30
1000 0.562 0.335 ­40.48% 0.715 27.20% ­0.97%
1500 0.954 0.710 ­25.53% 1.088 14.00% ­0.93%
2000 1.329 1.094 ­17.68% 1.458 9.70% ­0.76%
2500 1.697 1.485 ­12.48% 1.825 7.56% ­1.04%
3000 2.082 1.867 ­10.32% 2.190 5.16% ­1.48%
3500 2.481 2.292 ­7.63% 2.561 3.23% ­0.93%
45
1000 0.562 0.333 ­40.69% 0.715 27.22% ­0.95%
1500 0.954 0.710 ­25.59% 1.088 14.02% ­0.91%
2000 1.329 1.093 ­17.74% 1.458 9.72% ­0.74%
2500 1.697 1.485 ­12.50% 1.828 7.72% ­0.89%
3000 2.082 1.867 ­10.31% 2.193 5.35% ­1.30%
3500 2.481 2.290 ­7.69% 2.563 3.28% ­0.88%
60
1000 0.562 0.337 ­40.02% 0.717 27.58% ­0.68%
1500 0.954 0.715 ­25.09% 1.091 14.32% ­0.65%
2000 1.329 1.099 ­17.32% 1.463 10.09% ­0.41%
2500 1.697 1.490 ­12.17% 1.834 8.10% ­0.55%
3000 2.082 1.878 ­9.81% 2.206 5.98% ­0.72%
3500 2.481 2.297 ­7.41% 2.578 3.90% ­0.29%
90
1000 0.562 0.336 ­40.28% 0.713 26.85% ­1.25%
1500 0.954 0.714 ­25.18% 1.085 13.69% ­1.20%
2000 1.329 1.098 ­17.40% 1.455 9.48% ­0.96%
2500 1.697 1.488 ­12.33% 1.825 7.53% ­1.07%
3000 2.082 1.865 ­10.42% 2.194 5.38% ­1.28%



































Degrees RPM oz­in oz­in % oz­in % %
1000 42.07 30.434 ­27.66% 33.279 ­20.90% NA
1500 44.85 31.705 ­29.31% 36.103 ­19.50% NA
2000 45.25 34.141 ­24.55% 40.161 ­11.25% NA
2500 48.50 35.448 ­26.91% 43.150 ­11.03% NA
3000 51.40 38.976 ­24.17% 48.422 ­5.79% NA
3500 53.30 43.475 ­18.43% 54.594 2.43% NA
30
1000 42.07 30.856 ­26.66% 33.701 ­19.89% 1.27%
1500 44.85 32.163 ­28.29% 36.560 ­18.48% 1.27%
2000 45.25 34.800 ­23.09% 40.820 ­9.79% 1.64%
2500 48.50 36.811 ­24.10% 44.512 ­8.22% 3.16%
3000 51.40 40.658 ­20.90% 50.104 ­2.52% 3.47%
3500 53.30 43.361 ­18.65% 54.480 2.21% ­0.21%
45
1000 42.07 30.890 ­26.57% 33.735 ­19.81% 1.37%
1500 44.85 32.149 ­28.32% 36.546 ­18.52% 1.23%
2000 45.25 34.771 ­23.16% 40.791 ­9.85% 1.57%
2500 48.50 36.754 ­24.22% 44.456 ­8.34% 3.03%
3000 51.40 40.611 ­20.99% 50.057 ­2.61% 3.38%
3500 53.30 43.337 ­18.69% 54.456 2.17% ­0.25%
60
1000 42.07 30.670 ­27.10% 33.515 ­20.34% 0.71%
1500 44.85 31.961 ­28.74% 36.359 ­18.93% 0.71%
2000 45.25 34.517 ­23.72% 40.537 ­10.42% 0.94%
2500 48.50 36.495 ­24.75% 44.197 ­8.87% 2.43%
3000 51.40 40.260 ­21.67% 49.707 ­3.29% 2.65%
3500 53.30 43.045 ­19.24% 54.165 1.62% ­0.79%
90
1000 42.07 30.706 ­27.01% 33.551 ­20.25% 0.82%
1500 44.85 32.033 ­28.58% 36.430 ­18.77% 0.91%
2000 45.25 34.753 ­23.20% 40.773 ­9.89% 1.52%
2500 48.50 36.870 ­23.98% 44.572 ­8.10% 3.30%
3000 51.40 41.093 ­20.05% 50.540 ­1.67% 4.37%




























































PSI RPM GPM GPM % GPM %
20
1000 0.743 0.7977 7.36% 0.7677 3.32%
1500 1.126 1.2065 7.15% 1.1533 2.42%
2000 1.510 1.6156 6.99% 1.5385 1.89%
2500 1.896 2.0273 6.93% 1.9225 1.40%
3000 2.285 2.4349 6.56% 2.3066 0.95%
3500 2.676 2.8412 6.17% 2.6902 0.53%
40
1000 0.690 0.7770 12.61% 0.7635 10.65%
1500 1.072 1.1857 10.61% 1.1497 7.25%
2000 1.447 1.5946 10.20% 1.5359 6.14%
2500 1.831 2.0066 9.59% 1.9208 4.90%
3000 2.220 2.4144 8.76% 2.3068 3.91%
3500 2.617 2.8211 7.80% 2.6922 2.87%
60
1000 0.636 0.7565 18.95% 0.7575 19.10%
1500 1.012 1.1650 15.12% 1.1453 13.17%
2000 1.388 1.5737 13.38% 1.5321 10.38%
2500 1.765 1.9859 12.52% 1.9174 8.63%
3000 2.151 2.3941 11.30% 2.3042 7.12%
3500 2.550 2.8010 9.84% 2.6908 5.52%
80
1000 0.562 0.7385 31.41% 0.7493 33.33%
1500 0.954 1.1462 20.15% 1.1386 19.35%
2000 1.329 1.5540 16.93% 1.5252 14.76%
2500 1.697 1.9658 15.84% 1.9100 12.55%
3000 2.082 2.3736 14.01% 2.2967 10.31%





























PSI RPM oz­in oz­in %
20
1000 11.07 12.837 15.96%
1500 11.85 14.718 24.20%
2000 13.25 16.778 26.63%
2500 15.50 19.075 23.06%
3000 18.40 21.514 16.92%
3500 21.30 24.204 13.63%
40
1000 23.07 22.664 ­1.76%
1500 23.85 24.533 2.86%
2000 25.25 26.595 5.33%
2500 27.50 28.923 5.17%
3000 30.40 31.324 3.04%
3500 33.30 33.988 2.07%
60
1000 32.07 32.469 1.24%
1500 34.85 34.362 ­1.40%
2000 34.25 36.408 6.30%
2500 38.50 38.785 0.74%
3000 41.40 41.151 ­0.60%
3500 44.30 43.792 ­1.15%
80
1000 42.07 42.893 1.96%
1500 44.85 45.007 0.35%
2000 45.25 47.495 4.96%
2500 48.50 50.162 3.43%
3000 51.40 52.364 1.88%




















































Finally,   Figure   3­25   compares   the   raw   and   corrected   overall   efficiencies   for   the 






















PSI RPM GPM GPM % GPM %
20
1000 0.18 0.1706 ­5.22% 0.1609 ­10.61%
2000 0.38 0.3453 ­9.13% 0.3218 ­15.32%
3000 0.54 0.5204 ­3.63% 0.4827 ­10.61%
4000 0.72 0.6937 ­3.65% 0.6438 ­10.58%
5000 0.90 0.8674 ­3.62% 0.8050 ­10.56%
6000 NA 1.0423 NA 0.9658 NA
40
1000 0.18 0.1674 ­7.00% 0.1607 ­10.72%
2000 0.36 0.3421 ­4.97% 0.3217 ­10.64%
3000 0.53 0.5171 ­2.43% 0.4826 ­8.94%
4000 0.70 0.6905 ­1.36% 0.6437 ­8.04%
5000 0.88 0.8643 ­1.78% 0.8048 ­8.55%
6000 NA 1.0391 NA 0.9658 NA
60
1000 0.17 0.1643 ­3.35% 0.1605 ­5.59%
2000 0.34 0.3388 ­0.35% 0.3215 ­5.44%
3000 0.52 0.5139 ­1.17% 0.4824 ­7.23%
4000 0.70 0.6874 ­1.80% 0.6435 ­8.07%
5000 0.86 0.8612 0.14% 0.8047 ­6.43%
6000 NA 1.0360 NA 0.9656 NA
80
1000 0.16 0.1613 0.81% 0.1602 0.13%
2000 0.32 0.3357 4.91% 0.3213 0.41%
3000 0.51 0.5107 0.14% 0.4823 ­5.43%
4000 0.67 0.6843 2.13% 0.6463 ­3.54%
5000 0.86 0.8582 ­0.21% 0.8046 ­6.44%



























PSI RPM oz­in oz­in oz­in oz­in %
20
1000 5.3 3.73 1.57 3.37 114.71%
2000 9 3.06 5.94 5.44 ­8.50%
3000 11 2.85 8.15 7.78 ­4.60%
4000 12 2.81 9.19 10.25 11.58%
5000 12 3.02 8.98 12.8 42.49%
6000 13 3.35 9.65 15.35 59.08%
40
1000 7 3.73 3.27 4.58 40.00%
2000 10 3.06 6.94 6.43 ­7.31%
3000 12.5 2.85 9.65 8.7 ­9.82%
4000 13 2.81 10.19 11.25 10.39%
5000 13.5 3.02 10.48 13.83 31.98%
6000 14.5 3.35 11.15 16.34 46.57%
60
1000 10 3.73 6.27 5.79 ­7.74%
2000 12.5 3.06 9.44 7.43 ­21.28%
3000 14.5 2.85 11.65 9.63 ­17.35%
4000 16 2.81 13.19 12.24 ­7.17%
5000 17 3.02 13.98 14.87 6.34%
6000 18.5 3.35 15.15 17.34 14.44%
80
1000 12 3.73 8.27 6.99 ­15.44%
2000 15.5 3.06 12.44 8.44 ­32.19%
3000 17.5 2.85 14.65 10.56 ­27.89%
4000 18.5 2.81 15.69 13.26 ­15.52%
5000 19.75 3.02 16.73 15.93 ­4.78%


























Note  that  experimental   results  were not  available  for  pump speeds of 6000 RPM. 









































PSI RPM GPM GPM % GPM %
300
1000 0.058 −0.1121 ­100.00% 0.0450 ­22.41%
1500 0.087 −0.0256 ­100.00% 0.1025 17.82%
2000 0.116 0.0145 ­87.50% 0.1598 37.76%
2500 0.146 0.0852 ­41.64% 0.2170 48.63%
3000 0.175 0.1421 ­18.80% 0.2745 56.86%
























PSI RPM oz­in oz­in oz­in oz­in %
300
1000 NA 4.33 NA 48.25 NA
1500 NA 5.55 NA 28.35 NA
2000 NA 6.15 NA 49.66 NA
2500 NA 6.6 NA 48.25 NA
3000 NA 6.8 NA 50.9 NA
























Figure  5­1   shows   the  volumetric,  hydraulic,   and  overall   efficiencies   for   the  GN1 






































PSI RPM GPM GPM % GPM %
40
1207 16.9 18.7945 11.21% 18.3751 8.73%
1724 24.9 26.7748 7.53% 26.2472 5.41%
2241 32.3 35.1144 8.71% 34.1167 5.62%
2759 36.9 43.0912 16.78% 42.0028 13.83%
3276 35.9 51.1960 42.61% 49.8725 38.92%
3793 34.8 59.2350 70.22% 57.7428 65.93%
60
1207 16.7 18.7251 12.13% 18.3702 10.00%
1724 24.6 26.7072 8.57% 26.2415 6.67%
2241 31.9 35.0379 9.84% 34.1107 6.93%
2759 36.9 43.0182 16.58% 41.9960 13.81%
3276 36.1 51.2476 41.96% 49.8639 38.13%
3793 34.7 59.1265 70.39% 57.7348 66.38%
80
1207 16.4 18.6575 13.77% 18.3766 12.05%
1724 24.3 26.6414 9.64% 26.2522 8.03%
2241 31.7 34.9650 10.30% 34.1261 7.65%
2759 36.8 42.9489 16.71% 42.0156 14.17%
3276 36.0 51.1729 42.15% 49.8880 38.58%
3793 34.6 59.0554 70.68% 57.7631 66.95%
100
1207 16.1 18.5899 15.47% 18.3701 14.10%
1724 24.1 26.5755 10.27% 26.2444 8.90%
2241 31.6 34.8903 10.41% 34.1176 7.97%
2759 36.8 42.8742 16.51% 42.0058 14.15%
3276 36.1 51.0964 41.54% 49.8773 38.16%
3793 34.7 58.9860 69.99% 57.7510 66.43%
120
1207 15.8 18.5241 17.24% 18.3619 16.21%
1724 23.8 26.5115 11.39% 26.2341 10.23%
2241 31.3 34.8156 11.23% 34.1059 8.96%
2759 36.8 42.8012 16.31% 41.9920 14.11%
3276 36.1 51.0217 41.33% 49.8619 38.12%
























Table   6­2   compares   the   torque   computed   by   FLUENT  with   the   experimentally 
determined values.    The torque values are greatly over­predicted,  as more fluid is 
being pumped in the computational simulation than in the experimental case.
PSI RPM in­lb in­lb %
40
1207 34 41.16 21.07%
1724 40 60.59 51.48%
2241 46 97.89 112.80%
2759 51 129.09 153.11%
3276 56 165.17 194.95%
3793 62 206.44 232.97%
60
1207 46 51.6 12.18%
1724 52 75.04 44.30%
2241 58 101.26 74.59%
2759 63 133.32 111.62%
3276 67 170.98 155.19%
3793 73 210.99 189.03%
80
1207 57 50.01 ­12.26%
1724 64 71.72 12.06%
2241 70 104.9 49.86%
2759 76 137.92 81.48%
3276 78 174.43 123.63%
3793 83 215.62 159.78%
100
1207 70 60.47 ­13.62%
1724 75 86.17 14.90%
2241 82 108.41 32.21%
2759 87 142.34 63.61%
3276 89 178.02 100.02%
3793 93 220.26 136.84%
120
1207 82 58.82 ­28.26%
1724 87 82.89 ­4.72%
2241 94 111.93 19.07%
2759 99 146.8 48.28%
3276 101 181.55 79.75%


















































































PSI RPM GPM GPM % GPM %
40
1207 16.7 18.6895 11.91% 18.2021 8.99%
1724 24.7 26.6538 7.91% 26.0058 5.29%
2241 32.7 34.9686 6.94% 33.7910 3.34%
2759 40.2 42.9275 6.78% 41.6070 3.50%
3276 45.7 51.1320 11.89% 49.3935 8.08%
3793 49.8 58.9842 18.44% 57.1968 14.85%
60
1207 16.1 18.5810 15.41% 18.1945 13.01%
1724 24.3 26.5489 9.25% 25.9969 6.98%
2241 32.2 34.8529 8.24% 33.7812 4.91%
2759 39.9 42.8154 7.31% 41.5958 4.25%
3276 45.3 51.0163 12.62% 49.3811 9.01%
3793 49.5 58.8721 18.93% 57.1826 15.52%
80
1207 15.6 18.4725 18.41% 18.1873 16.59%
1724 23.7 26.4439 11.58% 25.9247 9.39%
2241 31.8 34.7391 9.24% 33.7728 6.20%
2759 39.5 42.7034 8.11% 41.5863 5.28%
3276 45.1 50.9025 12.87% 49.3708 9.47%
3793 49.4 58.7618 18.95% 57.1709 15.73%
100
1207 15.1 18.3675 21.64% 18.1779 20.38%
1724 23.2 26.3407 13.54% 25.9780 11.97%
2241 31.3 34.6252 10.62% 33.7606 7.86%
2759 39.0 42.5913 9.21% 41.5723 6.60%
3276 44.7 50.7869 13.62% 49.3551 10.41%
3793 49.0 58.6515 19.70% 57.1532 16.64%
120
1207 14.7 18.2626 24.24% 18.1695 23.60%
1724 22.8 26.2358 15.07% 25.9689 13.90%
2241 30.8 34.5114 12.05% 33.7509 9.58%
2759 38.4 42.4810 10.63% 41.5614 8.23%
3276 44.4 50.6730 14.13% 49.3433 11.13%

























fairly well  predicted only at  high pump pressures and  low speeds.    The  torque  is 
highly over­predicted elsewhere.   Future work with these simulations should attempt 
to predict the torque more closely.
PSI RPM in­lb in­lb %
40
1207 33 48.08 45.69%
1724 39 69.07 77.10%
2241 45 95.85 112.99%
2759 53 126.1 137.92%
3276 59 161.89 174.39%
3793 65 199.94 207.60%
60
1207 45 52.61 16.92%
1724 50 74.78 49.56%
2241 57 99.48 74.53%
2759 64 130.62 104.09%
3276 71 165.53 133.14%
3793 77 204.64 165.76%
80
1207 58 57.14 ­1.49%
1724 62 80.49 29.82%
2241 69 103.12 49.45%
2759 75 135.17 80.22%
3276 82 169.16 106.30%
3793 89 209.35 135.22%
100
1207 69 61.66 ­10.64%
1724 74 86.2 16.48%
2241 81 106.76 31.80%
2759 87 139.72 60.60%
3276 94 172.82 83.85%
3793 100 214.06 114.06%
120
1207 81 66.17 ­18.30%
1724 86 91.91 6.87%
2241 93 110.4 18.70%
2759 100 144.27 44.27%
3276 107 176.49 64.95%




































































● The   corrected   outlet   mass   flow   rate   for   the   C14   pump   (with   superior 
hexahedral  mesh)   show  poorer   agreement  with   experimental   data   at   high 











speeds.    However,   the mass   flow rate  and  torque  trends  do not  scale  with 
cavitation   alone.    We   believe   these   trends   arise   from   a   combination   of 
cavitation, a transition from laminar to turbulent flow, and, in the case of the 
GN1 pump, high pump pressure.





laminar   to   turbulent   flow may explain some of   the discrepancies  from the 














FLUENT or   through user­defined   functions.    The models  also  need   to  be 
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3. Reads   the   .out   files   created   by   FLUENT,   which   track  mass   flow   rates, 
pressures, and other parameters as a function of time
4. Plot time dependent data and save as jpeg files
5. Calculate   average  mass   flow rates,  pressures,   torques,   and  other  data,   and 
writes them to a text file
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% Gerotor efficiency calculations   %
%                                   %
% Michigan Technological University %
% Engineered Machined Products      %
%                                   %
% Dr. Amitabh Narain                %







% Get Transcript Name From From User %
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
 
transcript = input('Enter transcript file name: ','s');
 












% Load FLUENT .out files %
%%%%%%%%%%%%%%%%%%%%%%%%%%
 
[mf_outlet_boundary_header, mf_outlet_boundary_time, mf_outlet_boundary_data] = 
matlab_readColData('mf_outlet_boundary.out',2,2);
 
[mf_top_gap_header, mf_top_gap_time, mf_top_gap_data] = matlab_readColData('mf_top_gap.out',2,2);
[mf_bottom_gap_header, mf_bottom_gap_time, mf_bottom_gap_data] = matlab_readColData('mf_bottom_gap.out',2,2);
[mf_side_gap_header, mf_side_gap_time, mf_side_gap_data] = matlab_readColData('mf_side_gap.out',2,2);
[mf_gerotor_teeth_bottom_header, mf_gerotor_teeth_bottom_time, mf_gerotor_teeth_bottom_data] = 
matlab_readColData('mf_gerotor_teeth_bottom.out',2,2);
[mf_gerotor_teeth_top_header, mf_gerotor_teeth_top_time, mf_gerotor_teeth_top_data] = 
matlab_readColData('mf_gerotor_teeth_top.out',2,2);
[mf_press_tap_upper_header, mf_press_tap_upper_time, mf_press_tap_upper_data] = 
matlab_readColData('mf_press_tap_upper.out',2,2);
[mf_press_tap_lower_header, mf_press_tap_lower_time, mf_press_tap_lower_data] = 
matlab_readColData('mf_press_tap_lower.out',2,2);
[max_pressure_header, max_pressure_time, max_pressure_data] = matlab_readColData('max_pressure.out',2,2);






% Load torque data from transcript file (generated by Perl script)
% Innergear
[innergear_pressure_moment_header, innergear_pressure_moment_data, innergear_pressure_moment_time] = 
matlab_readColData('innergear_pressure_moment.out',2,0);
[innergear_viscous_moment_header, innergear_viscous_moment_data, innergear_viscous_moment_time] = 
matlab_readColData('innergear_viscous_moment.out',2,0);




[outergear_pressure_moment_header, outergear_pressure_moment_data, outergear_pressure_moment_time] = 
matlab_readColData('outergear_pressure_moment.out',2,0);
[outergear_viscous_moment_header, outergear_viscous_moment_data, outergear_viscous_moment_time] = 
matlab_readColData('outergear_viscous_moment.out',2,0);




[sidegap_pressure_moment_header, sidegap_pressure_moment_data, sidegap_pressure_moment_time] = 
matlab_readColData('sidegap_pressure_moment.out',2,0);
[sidegap_viscous_moment_header, sidegap_viscous_moment_data, sidegap_viscous_moment_time] = 
matlab_readColData('sidegap_viscous_moment.out',2,0);




[topgap_pressure_moment_header, topgap_pressure_moment_data, topgap_pressure_moment_time] = 
matlab_readColData('topgap_pressure_moment.out',2,0);
[topgap_viscous_moment_header, topgap_viscous_moment_data, topgap_viscous_moment_time] = 
matlab_readColData('topgap_viscous_moment.out',2,0);




[bottomgap_pressure_moment_header, bottomgap_pressure_moment_data, bottomgap_pressure_moment_time] = 
matlab_readColData('bottomgap_pressure_moment.out',2,0);
[bottomgap_viscous_moment_header, bottomgap_viscous_moment_data, bottomgap_viscous_moment_time] = 
matlab_readColData('bottomgap_viscous_moment.out',2,0);
[bottomgap_total_moment_header, bottomgap_total_moment_data, bottomgap_total_moment_time] = 
matlab_readColData('bottomgap_total_moment.out',2,0);
 
% Shaft Side Upper
[shaftsideupper_pressure_moment_header, shaftsideupper_pressure_moment_data, shaftsideupper_pressure_moment_time] 
= matlab_readColData('shaftsideupper_pressure_moment.out',2,0);
[shaftsideupper_viscous_moment_header, shaftsideupper_viscous_moment_data, shaftsideupper_viscous_moment_time] = 
matlab_readColData('shaftsideupper_viscous_moment.out',2,0);
[shaftsideupper_total_moment_header, shaftsideupper_total_moment_data, shaftsideupper_total_moment_time] = 
matlab_readColData('shaftsideupper_total_moment.out',2,0);
 
% Shaft Side Lower
[shaftsidelower_pressure_moment_header, shaftsidelower_pressure_moment_data, shaftsidelower_pressure_moment_time] 
= matlab_readColData('shaftsidelower_pressure_moment.out',2,0);
[shaftsidelower_viscous_moment_header, shaftsidelower_viscous_moment_data, shaftsidelower_viscous_moment_time] = 
matlab_readColData('shaftsidelower_viscous_moment.out',2,0);




% Convert pressure data from Pascals to psi %
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
 
max_pressure_data = max_pressure_data * (1/6894.757);
min_pressure_data = min_pressure_data * (1/6894.757);
 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% Get absolute moment data %
%%%%%%%%%%%%%%%%%%%%%%%%%%%%
 
% Fluent simulation may have been defined such that the torque calculated
% is negative.  This will get positive torque values
mf_outlet_boundary_data = mf_outlet_boundary_data * -1;
% mf_y_2_data = mf_y_2_data * -1;
 
% Innergear
% innergear_pressure_moment_data = -1* innergear_pressure_moment_data;
innergear_viscous_moment_data = -1 * innergear_viscous_moment_data;
% innergear_total_moment_data = -1 * innergear_total_moment_data;
 
% Outergear
outergear_pressure_moment_data = -1* outergear_pressure_moment_data;
outergear_viscous_moment_data = -1 * outergear_viscous_moment_data;
outergear_total_moment_data = -1 * outergear_total_moment_data;
 
% Side Gap
sidegap_pressure_moment_data = -1* sidegap_pressure_moment_data;
%sidegap_viscous_moment_data = -1 * sidegap_viscous_moment_data;







%bottomgap1_pressure_moment_data = -1* bottomgap1_pressure_moment_data;
%bottomgap1_viscous_moment_data = -1 * bottomgap1_viscous_moment_data;
%bottomgap1_total_moment_data = -1 * bottomgap1_total_moment_data;
 
% Bottom Gap2
%bottomgap2_pressure_moment_data = -1* bottomgap2_pressure_moment_data;
%bottomgap2_viscous_moment_data = -1 * bottomgap2_viscous_moment_data;
%bottomgap2_total_moment_data = -1 * bottomgap2_total_moment_data;
 
% Top Gap1
%topgap1_pressure_moment_data = -1* topgap1_pressure_moment_data;
%topgap1_viscous_moment_data = -1 * topgap1_viscous_moment_data;
%topgap1_total_moment_data = -1 * topgap1_total_moment_data;
 
% Top Gap2
%topgap2_pressure_moment_data = -1* topgap2_pressure_moment_data;
%topgap2_viscous_moment_data = -1 * topgap2_viscous_moment_data;
%topgap2_total_moment_data = -1 * topgap2_total_moment_data;
 
% Shaft Side Upper
%shaftsideupper_pressure_moment_data = -1* shaftsideupper_pressure_moment_data;
%shaftsideupper_viscous_moment_data = -1 * shaftsideupper_viscous_moment_data;
%shaftsideupper_total_moment_data = -1 * shaftsideupper_total_moment_data;
 
% Shaft Side lower
%shaftsidelower_pressure_moment_data = -1* shaftsidelower_pressure_moment_data;
%shaftsidelower_viscous_moment_data = -1 * shaftsidelower_viscous_moment_data;









ylabel('Mass Flow Rate (kg/s)')






ylabel('Mass Flow Rate (kg/s)')






ylabel('Mass Flow Rate (kg/s)')






ylabel('Mass Flow Rate (kg/s)')







ylabel('Mass Flow Rate (kg/s)')







ylabel('Mass Flow Rate (kg/s)')






ylabel('Mass Flow Rate (kg/s)')




































































































































title('Bottom Gap Total Moment on Inner Gerotor')
saveas(bottomgap_total_moment, 'matlab_bottomgap_total_moment.jpg')
 



















title('Shaft Side Upper Total Moment on Inner Gerotor')
saveas(shaftsideupper_total_moment, 'matlab_shaftsideupper_total_moment.jpg')
 



















title('Shaft Side Lower Total Moment on Inner Gerotor')
saveas(shaftsidelower_total_moment, 'matlab_shaftsidelower_total_moment.jpg')
 





ylabel('Mass Flow Rate (kg/s)')




% Convert mass flow rates to volumetric flow rates (liter/min) %
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
 






q_outlet_boundary = 60000*(mf_outlet_boundary_data / oil_density); %liters/min
q_top_gap = 60000*(mf_top_gap_data / oil_density);
q_bottom_gap = 60000*(mf_bottom_gap_data / oil_density);
q_side_gap = 60000*(mf_side_gap_data / oil_density);
q_gerotor_teeth = 60000*(mf_gerotor_teeth_bottom_data / oil_density);
q_press_tap_upper = 60000*(mf_press_tap_upper_data / oil_density);
q_press_tap_lower = 60000*(mf_press_tap_lower_data / oil_density);
 
q_leakage = q_top_gap + q_bottom_gap + q_side_gap + q_gerotor_teeth + q_press_tap_upper + q_press_tap_lower;
q_leakage_nogerotor = q_top_gap + q_bottom_gap + q_side_gap + q_press_tap_upper + q_press_tap_lower;
 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%



































































































% Shaft Side Upper



















% Shaft Side Lower



















% Complete Total Moment Average
complete_total_moment_average = innergear_total_moment_average + ...
    outergear_total_moment_average + sidegap_total_moment_average + ...
    topgap_total_moment_average + bottomgap_total_moment_average  + ...
    shaftsidelower_total_moment_average + shaftsideupper_total_moment_average;
 
% Write average torques to an output file
% Innergear
fprintf(output, 'Innergear pressure moment in N-m: ');
fprintf(output, '%f \n\n',innergear_pressure_moment_average);
 
fprintf(output, 'Innergear viscous moment in N-m: ');
fprintf(output, '%f \n\n',innergear_viscous_moment_average);
 




fprintf(output, 'Outergear pressure moment in N-m: ');
fprintf(output, '%f \n\n',outergear_pressure_moment_average);
 
fprintf(output, 'Outergear viscous moment in N-m: ');
fprintf(output, '%f \n\n',outergear_viscous_moment_average);
 











fprintf(output, 'Side Gap viscous moment in N-m: ');
fprintf(output, '%f \n\n',sidegap_viscous_moment_average);
 




fprintf(output, 'Top Gap pressure moment in N-m: ');
fprintf(output, '%f \n\n',topgap_pressure_moment_average);
 
fprintf(output, 'Top Gap viscous moment in N-m: ');
fprintf(output, '%f \n\n',topgap_viscous_moment_average);
 




fprintf(output, 'Bottom Gap pressure moment in N-m: ');
fprintf(output, '%f \n\n',bottomgap_pressure_moment_average);
 
fprintf(output, 'Bottom Gap viscous moment in N-m: ');
fprintf(output, '%f \n\n',bottomgap_viscous_moment_average);
 
fprintf(output, 'Bottom Gap total moment in N-m: ');
fprintf(output, '%f \n\n',bottomgap_total_moment_average);
 
% Shaft Side Upper
fprintf(output, 'Shaft Side Upper pressure moment in N-m: ');
fprintf(output, '%f \n\n',shaftsideupper_pressure_moment_average);
 
fprintf(output, 'Shaft Side Upper viscous moment in N-m: ');
fprintf(output, '%f \n\n',shaftsideupper_viscous_moment_average);
 
fprintf(output, 'Shaft Side Upper total moment in N-m: ');
fprintf(output, '%f \n\n',shaftsideupper_total_moment_average);
 
% Shaft Side Lower
fprintf(output, 'Shaft Side Lower pressure moment in N-m: ');
fprintf(output, '%f \n\n',shaftsidelower_pressure_moment_average);
 
fprintf(output, 'Shaft Side Lower viscous moment in N-m: ');
fprintf(output, '%f \n\n',shaftsidelower_viscous_moment_average);
 




% Complete Total Moment
fprintf(output, '************************************');




% Calculate Average Mass Flow Rates %
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
 
























































corrected efficiency values.    This example  is   from the Mock Pump – Revision B 
spreadsheet.   It shows some of the mass flow rate calculations, and the volumetric 
efficiency calculations.  Other parts calculate the corrected torque and hydraulic and 
overall   efficiencies.     Other   sheets   automatically   plot   the   outlet   flow   and   pump 
efficiencies.
Linear Fit
1207 1.0506 y=c1*x + c2 1.0506 1.0601 1.0232 18.2 0.9661 0.9652
1724 1.4983 1.5047 1.5142 1.4619 26.01 0.9663 0.9654
2241 1.9657 c1 1.9588 1.9683 1.8995 33.79 0.9662 0.9651
2759 2.4131 8.78E­04 2.4138 2.4233 2.3389 41.61 0.9662 0.9652
3276 2.8743 c2 2.8679 2.8773 2.7766 49.39 0.9661 0.9650
3793 3.3157 ­9.49E­03 3.3219 3.3314 3.2152 57.2 0.9661 0.9651
1207 1.0445 y=c1*x + c2 1.0445 1.0599 1.0228 18.19 0.9656 0.9649
1724 1.4924 1.4986 1.5140 1.4614 26 0.9660 0.9653
2241 1.9592 c1 1.9526 1.9680 1.8990 33.78 0.9660 0.9649
2759 2.4068 8.78E­04 2.4075 2.4229 2.3382 41.6 0.9660 0.9651
3276 2.8678 c2 2.8615 2.8769 2.7759 49.38 0.9660 0.9649
3793 3.3094 ­1.54E­02 3.3155 3.3309 3.2144 57.18 0.9660 0.9650
1207 1.0384 y=c1*x + c2 1.0385 1.0598 1.0224 18.19 0.9652 0.9647
1724 1.4865 1.4924 1.5138 1.4573 25.92 0.9634 0.9627
2241 1.9528 c1 1.9464 1.9677 1.8985 33.77 0.9658 0.9648
2759 2.4005 8.78E­04 2.4012 2.4226 2.3377 41.59 0.9659 0.9650
3276 2.8614 c2 2.8552 2.8765 2.7753 49.37 0.9658 0.9648
3793 3.3032 ­2.14E­02 3.3091 3.3305 3.2138 57.17 0.9659 0.9650
1207 1.0325 y=c1*x + c2 1.0325 1.0596 1.0218 18.18 0.9647 0.9644
1724 1.4807 1.4864 1.5134 1.4603 25.98 0.9654 0.9649
2241 1.9464 c1 1.9402 1.9673 1.8978 33.76 0.9655 0.9647
2759 2.3942 8.78E­04 2.3950 2.4220 2.3369 41.57 0.9657 0.9649
3276 2.8549 c2 2.8488 2.8759 2.7744 49.36 0.9657 0.9647
3793 3.2970 ­2.71E­02 3.3027 3.3297 3.2128 57.15 0.9657 0.9649
1207 1.0266 y=c1*x + c2 1.0265 1.0594 1.0214 18.17 0.9642 0.9641
1724 1.4748 1.4803 1.5132 1.4598 25.97 0.9650 0.9647
2241 1.9400 c1 1.9341 1.9670 1.8972 33.75 0.9653 0.9645
2759 2.3880 8.78E­04 2.3888 2.4217 2.3363 41.56 0.9655 0.9647
3276 2.8485 c2 2.8426 2.8755 2.7738 49.34 0.9655 0.9646
3793 3.2909 ­3.29E­02 3.2964 3.3293 3.2120 57.14 0.9656 0.9648
Pump 
Speed 
(RPM)
Computational 
Mass Flow Rate 
(kg/s)
Linear Fit 
Mass Flow 
Rate (kg/s)
Corrected 
Total Flow 
(kg/s)
Corrected 
Output Flow 
(kg/s)
Corrected 
Output Flow 
(gpm)
Original 
Volumetric 
Efficiency
Corrected 
Volumetric 
Efficiency
40 
PSI
60 
PSI
80 
PSI
100 
PSI
120 
PSI
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